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ABSTRACT 
Whole body vibration (WBV) has been shown to elicit acute and chronic improvements in 
neuromuscular function, however there is little conclusive evidence regarding an optimum 
protocol for acute WBV. The aim of this study was to compare the effects of acute exposure to 
different frequencies of WBV on countermovement jump (CMJ) height. Twelve recreationally 
trained males (age, 31 ± 8 years; height, 177 ± 12 cm; weight, 83.0 ± 6.9 kg) completed maximal 
CMJs pre- and post-WBV in a half-squat position for 30 seconds. In a blinded design with 
randomised testing order, participants were exposed on different days to frequencies of 0, 30, 35 
and 40 Hz. Significant main effects were found for time (pre-to-post WBV, P < 0.01) and 
frequency*time interaction (P < 0.01), with post-hoc analysis highlighting that there was a 
significant mean improvement of 6 % in CMJ as a result of WBV at 40 Hz, but no significant 
change at other frequencies. This study demonstrates that for recreationally trained males an 
acute 30 s bout of vertical WBV at 40 Hz and 8mm peak to peak displacement significantly 
enhances explosive jumping performance in comparison to other frequencies. Acute vertical 
WBV for 30 seconds at 40 Hz may be incorporated into strength & conditioning training to 
enhance explosive power, however the exact mechanisms for improvements remain to be 
elucidated and further well-controlled investigations on chronic WBV training and using well-
trained athletes are recommended. 
 
Key Words: potentiation, explosive jumping, stretch reflex 
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INTRODUCTION 
 
Whole-body vibration (WBV) is a recently developed training method that utilises 
neuromuscular properties to elicit a training response. WBV training typically consists of a 
participant standing, or performing various exercises, on a platform that generates sinusoidal 
vibration at a frequency of less than 100Hz with corresponding low peak to peak displacement 
(40). The oscillatory motion determines the peak to peak displacement (mm) while the repetition 
rate of oscillation determines the frequency (Hz). According to Wilcock et al. (40) and Crewther 
et al. (12), the combination of the peak to peak displacement, frequency and stance position 
determines the acceleration magnitude of vibration and hence transmission effect. The vibration 
causes a mechanical stimulus to be transmitted through the body, resulting in small rapid 
changes to muscle length, stimulating sensory receptors such as muscle spindles (8). This 
activates α-motor neurons and causes muscle contractions similar to a tonic vibration reflex 
(TVR) (16). The TVR is a response that occurs when vibration is applied directly to the muscle 
belly or tendon (11,35). This reflex is mostly characterised by the activation of muscle spindles, 
primarily through recruitment of Ia afferents and the activation of extrafusal muscle fibers 
through α-motor neurons. An improvement in physical performance after acute vibration has 
previously been attributed to neural factors such as: increased motor unit synchronization; stretch 
reflex potentiation; increased synergist muscle activity; and increased inhibition of the antagonist 
muscle (2). However, it is still unclear if this resultant increase in neuromuscular stimulation 
from WBV leads to an increase in athletic performance. Additionally, the connection between 
WBV and TVR has yet to be fully discussed or demonstrated in the literature (4).   
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Studies that analyse the acute effects of WBV on athletic performance have found positive 
effects on trained (5,9,22,31,37) and untrained (4,23,34) individuals for muscle strength and 
electromyographic (EMG) activity. Rittweger et al. (32) demonstrated a positive effect on 
neuromuscular recruitment patterns on untrained participants. Conversely, De Ruiter et al. (14) 
and Bullock et al. (6) found acute WBV had little or no effect on muscular activation, peak 
velocity, squat jump (SJ) and countermovement jump (CMJ) performance in untrained and 
trained individuals respectively. The actual mechanisms that are responsible for reported 
increases in strength and power are unclear; however, WBV may potentially provide additional 
training stimulus for athletes.    
 
Indeed, the effects of chronic WBV training lasting from 5 weeks to 8 months have been 
documented, with some contradictory findings. Previous studies conducted on trained (3,35) and 
untrained (16,17,25,36,38) participants, found positive effects of chronic WBV on parameters of 
athletic performance such as jump height or muscular strength. Van den Tillaar (39) found that  
chronic WBV could have a positive effect on hamstring flexibility in untrained individuals. 
Conversely, De Ruiter et al. (15), and a review by Norlund & Thorstensson (30) found no 
difference in performance after chronic WBV on untrained or trained individuals. A recent 
review of chronic vibration training conducted by Wilcock et al. (40) found some evidence 
suggesting WBV training may provide a small benefit to maximal strength and power in trained 
athletes; however speed does not seem to be enhanced by WBV training. Furthermore, the 
optimum protocols and underpinning mechanisms for any improvements following chronic 
WBV training need to be explored. 
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Through the addition of vibration to exercise, the demands on the neuromuscular system may 
increase significantly and the adaptation that occurs can lead to a large increase in strength (27).  
For example, it is thought that acute WBV may be a plausible warm-up procedure for increasing 
vertical jump height, and should be considered by strength and conditioning coaches (11). 
Mester et al. (27) also stated that even with a relatively short training period the increase in 
performance could be caused more through a neuro-physiological adaptation than any 
morphological changes as a result of training. It is through these adaptations that both acute and 
chronic WBV exposure aim to elicit beneficial effects and so further exploration of acute 
responses to WBV and associated mechanisms should help to inform prescription of chronic 
WBV protocols.  
 
Current research points to an increase in muscle power and strength after both chronic and acute 
vibration training, although protocols in the previously mentioned studies have utilised 
frequencies and peak to peak displacements ranging from 30 - 50 Hz and 4 - 12 mm respectively. 
Vibration training protocols vary significantly from a single 30 second WBV exposure (11) to 10 
repetitions of 60 second WBV (5). The majority of WBV platforms allow for multiple settings of 
peak to peak displacement and frequency, leading to many possible combinations and resulting 
accelerations. This makes the prescription of safe, effective and validated vibration training 
protocols, as well as comparison and interpretation of results to evaluate the effectiveness of 
vibration, very difficult. These protocols have not yet been established (10). The purpose of this 
study was therefore to examine the influence of differing frequencies (0, 30, 35 and 40 Hz) at set 
peak to peak displacement during 30 second exposure to vertical WBV, on acute measures of 
CMJ performance in recreationally trained males. It is hypothesised that acute WBV exposure 
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will significantly enhance CMJ performance compared to no WBV, and furthermore that the 
magnitude of response will be significantly dependent on the frequency used. 
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METHODS 
Experimental Approach to the Problem 
This investigation focussed on the effects of manipulating frequency during acute WBV 
exposure. Therefore, frequency is the independent variable and CMJ height the dependent 
variable. To minimise the effect of inter-individual differences and eliminate potential order 
effects a single-blinded repeated-measures cross-over study design was used.  
 
All participants attended a familiarisation session, where they were instructed in the correct squat 
position, and the correct technique for a CMJ. Participants then completed four randomised 
testing sessions – 30 Hz vibration, 35 Hz vibration, 40 Hz vibration or 0 Hz vibration (CONT) 
with at least one week between each session. After a standardised 5-minute cycle ergometer 
warm-up, baseline measurements of CMJ were conducted. At least 2 trials were conducted in 
order to establish an accurate baseline, with additional tests conducted if the trials were not 
within 5 % of each other. A 3 minute rest was allowed between each effort for adequate 
recovery. Participants then adopted the same half squat position during all of the experimental 
and control interventions and underwent 30 seconds of WBV at the allocated frequency (0 Hz for 
CONT) on the vibration platform before repeating the CMJ. Peak jump height readings were 
taken as the better of 2 trials. Protocols from previous studies (9,11,15) were followed to ensure 
standardisation of body position on the vibration platform and CMJ performance measures.  
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Subjects 
The study involved 12 recreationally active men (age, 31 ± 8 years; height, 177 ± 12 cm; mass, 
83.0 ± 6.9 kg), defined as taking part in regular physical activity (at least twice per week) and 
with some experience of resistance exercise, but not following a structured strength & 
conditioning program designed by an accredited coach. During the first visit, each participant 
read and signed a health status questionnaire to confirm study eligibility. If inclusion criteria 
were met, participants were informed about the study procedure and its possible risks and then 
provided written consent. The research was approved by the University of Edinburgh, Moray 
House School of Education Ethics Committee. No participants suffered from any contra-
indications to WBV (19). Participants were blinded as to the aim of the study and the WBV 
frequencies used throughout the study, and were randomly allocated to each vibratory 
intervention before testing.  
 
Procedures 
The application of the vibration treatment was conducted using a vertical oscillating vibration 
plate (Nemes LS Bosco System, Rieti, Italy). The peak to peak displacement of the vibration 
platform was set at 8 mm and loading was carried out in a half-squat position with foot position 
standardised as shoulder-width apart and a visually monitored knee angle of 100
◦
 which was held 
constant throughout the 30-second exposure and across all experimental conditions, in 
accordance with previous studies (6,9,11). The control trial adopted the same position on the 
vibration plate for the same duration, however the plate was turned off. 
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Participants set up for the CMJ in a standing position on a portable jump mat (Just Jump Switch 
mat, Probotics Inc. Huntsville, Al, USA) with their hands placed on their hips. After instruction, 
participants initiated the jump via a downwards countermovement to a visually monitored knee 
angle of approximately 100
◦
. Participants were then instructed to keep hand position constant 
throughout the jump and encouraged to reach a maximum explosive jump height with every 
attempt, according to protocols established previously (2,11). The outcome measure from the 
CMJ was jump height (cm).  
 
Statistical Analyses 
From other studies examining the effect of WBV frequency on CMJ performance (4) the a priori 
sample size was estimated as 12 with power of 0.8. Individual scores for pre-vibration CMJ 
height for each trial (CONT, 30, 35 and 40 Hz) were subjected to measures of reliability to 
determine the mean and standard deviation for pre-vibration CMJ, the change in mean, intraclass 
correlation (ICC), typical error (% CV) and confidence levels (%) using methods advocated by 
Hopkins (21). These values are presented in Table 1. 
Insert Table 1 about here 
 
The effect of the different vibration interventions on jump height was analyzed by means of a 2- 
way repeated measures ANOVA (frequency (0, 30, 35, 40 Hz) x time (pre and post)), following 
data checks for normality and sphericity (Mauchly’s test). Where a main effect F-value was 
found to be significant, post-hoc paired t-tests with Bonferroni correction were used to locate the 
significant differences. Partial Eta Squared values were calculated as effect sizes: small effect 
sizes are considered r = 0.1; moderate effect sizes are considered r = 0.3; large effects sizes are 
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considered r = 0.5; very large effect sizes are considered r = 0.7; and near perfect effect sizes are 
considered r = 0.9 (21). All analysis was performed with the use of a statistical software package 
(SPSS version 14.0 for Windows, SPSS Inc., Chicago, IL). Significance level was set as P < 
0.05.  
 
RESULTS  
Mean (+ SD) jump height results are presented in Figure 1. There was no significant main effect 
for vibration frequency (F(3,33) = 0.24, P = 0.87), with a small effect size (r = 0.15). There was, 
however, a significant main effect for time (F(1,11) = 11.86, P < 0.01), with a very large effect size 
(r = 0.72), and a significant frequency*time interaction effect (F(3,33) = 8.51, P < 0.01), with a 
large effect size (r = 0.66). Post-hoc analysis revealed that only at a frequency of 40 Hz was there 
a significant difference from pre- to post-vibration (average 6.9 % increase: t(11) = 5.93, P < 
0.001), compared to non-significant pre- to post-vibration differences of -0.2 % (P = 0.83), 2.3 % 
(P = 0.11) and 1.1 % (P = 0.29) at 0, 30 and 35 Hz respectively. 
 
Insert Figure 1 about here 
 
All participants completed the study protocol with no reports of adverse side effects. Participants 
experienced the vibration loading as enjoyable but not fatiguing. 
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DISCUSSION 
This study has demonstrated that acute vertical WBV can result in a significant increase in CMJ 
performance in recreationally active individuals, although this improvement is dependent on the 
frequency of WBV adopted. The reported significant impact of vibration frequency on CMJ 
performance, with 40 Hz significantly better than 30 Hz, 35 Hz and a 0 Hz position-matched 
control, is in agreement with some existing research but in contrast to other studies. The 
hypotheses that WBV would have a significant effect, and that this effect would be dependent on 
frequency, cannot be rejected. These results would suggest that for vertical NEMES WBV at a 
peak to peak displacement of 8mm, a frequency of at least 40 Hz is required for acute benefits 
(e.g. warm-up) for training or performance in recreationally active individuals and therefore 
more likely to induce chronic adaptations. 
  
Before considering the impact of vibration frequency, it is worth summarising the current 
theories that could explain significant improvements in CMJ performance reported here and 
elsewhere. The exact mechanisms responsible for the improvements in neuromuscular 
performance following WBV are, as yet, not fully known (30). Initially, Eklund & Hagbarth (18) 
suggested that vibration-induced rapid changes in muscle length evokes the TVR, i.e. muscle 
spindle activation which may cause an improvement of  motoneuron inflow and enhancement 
of the Ia neuron stretch-reflex loop (8). Indeed, improvements in neuromuscular performance 
post-WBV have been associated with neuromuscular facilitation supported by EMG (9). For 
example, increased motor unit recruitment of previously inactive Type II motor units (24) or 
reducing the recruitment threshold of these types of motor units (17) may alter normal 
recruitment patterns (28). A further plausible explanation is post-activation potentiation (PAP) 
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(33), which is an enhancement of neuromuscular performance following high-intensity 
contractions (e.g. 20). This is proposed to reflect a net balance of negative fatiguing effects and 
positive potentiation caused by increases in  motoneuron excitability (similar to TVR), as well 
as increased sensitivity of contractile proteins to calcium (20). 
 
The findings of the present study are in support of many other studies showing significant 
enhancement of jumping performance following acute WBV (2,3,4,11,38) but it is important to 
note these studies involved varying WBV delivery systems, WBV parameters and participants.  
The enhancement in jumping performance is most likely due to the above mechanisms, however, 
other studies have found no significant benefit (6,8). There are a number of arguments that could 
explain these discrepancies. Firstly, there are a wide range of vibratory protocols (26) used in the 
existing studies and this was a main rationale for the current investigation on the influence of 
vibration frequency. Although, in addition to manipulating frequency, it is important to also 
appreciate the impact of peak to peak displacement, WBV exposure duration and recovery 
periods, which were all carefully standardised in the current study. Secondly, there are a range of 
outcome measures used and the current study has focussed on CMJ as it evokes a stretch reflex 
component which is likely to be influenced by WBV exposure (17).The use of CMJ is also 
justified as we have demonstrated reliability is good to excellent (ICC of 0.93 – 0.98 and CV of 
3.8 – 6.6 %). Thirdly, body position in previous studies varies considerably though it is known 
that stretched muscles are more sensitive to vibratory stimulation (18) and contract more strongly 
(9), yet some previous studies have not controlled for this stretching effect. This study was 
conducted with the participants standing in a half squat position on the vibration platform, 
therefore the quadriceps muscle group would be in a stretched position to expose the vastus 
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muscle group to stimulation (9). The current study clearly shows that the combination of 
stretching and vibration were responsible for the neuromuscular improvement following acute 
WBV exposure, as the 0 Hz condition showed no significant improvement. Fourthly, the 
vibration exposure and physiological effect differs depending on the type of vibrating platform 
used (1). Since the present study utilised a vertical WBV platform and recreationally trained 
participants, comparisons with other studies which utilised triplanar or pivotal WBV mechanics 
and participants with varied training status should be made with caution. As the response to 
WBV may vary within and across different populations (22), which may contribute to the 
frequency-dependency. For example, Issurin and Tennenbaum (22) found that the average gain 
in maximal power due to vibratory stimulation was greater in elite athletes, due to higher 
sensitivity of muscle receptors of elite athletes to any additional stimulation. Also, PAP has been 
shown to have greater effect in resistance trained individuals (33). However, one could argue that 
since resistance training improves motor unit recruitment then untrained or less trained 
individuals may have greater potential for improvements. 
 
A possible theory which may explain why the present study found that only 40 Hz resulted in a 
significant increase in CMJ performance, is that TVR has been reported to be proportional to 
vibration frequency (7), so an increase in vibration frequency can cause a proportional increase 
in muscle tension. Similarly, PAP has been demonstrated to depend on the intensity of 
contractile history (20), so lower frequencies may be insufficient to potentiate performance. 
However, Da Silva et al. (13) found that 30 Hz, and not 40 Hz, produced significant acute 
increases in jump performance. That study involved 6 sets of 60 second WBV exposures 
compared to 1 set of 30 seconds in the present study, so the net increase in volume of vibratory 
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stimulus (6 x 60 s vs. 1 x 30 s) may have induced muscular fatigue that offsets any 
neuromuscular facilitation at 40 Hz, yet is sufficient to cause improvements at 30 Hz. 
 
Alternatively, inconsistency related to frequency dependency, as well as overall effects of acute 
WBV exposure, may relate to individual differences in response to WBV. Indeed, across the 
literature large inter-subject variability has been found in EMG response from different WBV 
frequencies (17). These may be explained by muscle tuning theory (29) which suggests the 
presence of individual differences in intrinsic muscle characteristics such as mechanoreceptor 
locations and type II fiber percentages (9). These characteristics would influence the individuals’ 
capacity to dampen vibration. As some studies may have used the optimal frequency for the 
participants, others may not have, or to varying degrees with individuals, resulting in the overall 
effect being masked by group mean comparisons. 
 
The present study and existing literature suggest that individualising WBV protocols in terms of 
frequency should elicit the most beneficial response. This would involve the use of EMG 
recording to monitor the response to each different frequency, with the aim of detecting a higher 
EMG response to a particular individualised frequency. This may be possible in elite well trained 
athletes and may provide a more effective method of utilising WBV. Future studies should be 
repeated on elite athletes with a history of strength training to determine if they would require 
higher vibration parameters to elicit the same effect, or to evaluate the extent of this 
individualisation. In recreationally trained and the general population, where such EMG 
opportunities are unlikely, the present study argues that 40 Hz of vertical WBV at peak to peak 
displacement of 8 mm may be utilised for warm-up, or potentially to induce adaptations with 
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chronic WBV exposure, to increase neuromuscular performance in explosive jumping activities. 
Lamont et al (25) found that the application of chronic WBV, at a frequency of 50 Hz before and 
in-between sets of resistance training, produced a positive effect on power adaptations in a 
similar population to the current study, so further training studies into optimum chronic WBV 
protocols are clearly required.  
 
In conclusion, acute vertical WBV at a frequency of 40 Hz and peak to peak displacement of 8 
mm produced significant increases in CMJ performance of recreationally-trained participants. It 
may be that this frequency was most appropriate to elicit the proposed neuromuscular 
mechanisms responsible for the increase in performance; however, there is a case for further 
investigating individualisation with regards WBV training prescription.  
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PRACTICAL APPLICATIONS  
Whole-body vibration using a vibration platform may be administered prior to, or in between, 
performing ballistic, strength and power exercises as a warm-up or during training in order to 
elicit greater performance gains. However, the details of the best vibration protocols have yet to 
be agreed on as the effects depend on the vibration frequency, amplitude, duration, body position 
adopted and type of vibration platform. For elite athletes, current research would promote the use 
of EMG to identify the best frequency, however this will not be practical for many other 
populations. Therefore, the findings of the current study are important as they show that in 
recreational participants using a vertical vibration platform, acute exposure to WBV at 40 Hz and 
peak to peak displacement of 8 mm is sufficient to significantly improve countermovement jump 
performance.  
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Figure Legend 
FIGURE 1.  Mean (+ SD) CMJ height (cm) pre- and post-30 seconds of WBV exposure at 0, 30, 
35 and 40 Hz frequencies. * indicates a significant pre-to-post vibration difference in CMJ height 
at this frequency (P < 0.001). 
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Table Legend 
TABLE 1.  Reliability data for pre-WBV CMJ height performances at different frequencies: 
mean CMJ height (cm); standard deviation (SD); change in the mean (cm) (with confidence 
limit) compared to control trial at 0 Hz; intraclass correlation coefficients (ICC); percentage 
coefficients of variation (% CV). 
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Table 1 – Reliability Data
0 Hz 30 Hz 35 Hz 40 Hz
Mean in cm (SD) 40.8 9.6 40.6 8.8 41.1 9.0 39.9 8.2
Change in mean in cm
(confidence limit)
-0.13
(-2.12 – 1.87)
0.49
(-1.66 – 1.64)
-1.28
(-2.61 – 0.05)
ICC 0.93 0.98 0.97
% CV 6.6% 3.8% 4.7%
